Abstract
Introduction
to 100GPa tensile strength and even over 1000GPa E-modulus [1] . Thefore, CNTs are idea materials to be applied 38 in the fields, where the low density, low weight and high tensile strength or elastic moduli are required (e.g. 
46
(CVD), catalytic chemical vapour deposition (CCVD), arc discharge, high pressure carbon-monoxide disproportion, laser ablation, are preferential technologies for CNT production, regarding the reactor constructions, hydrocarbon gases, but also pyrolysis oils could be also used for CNT production. High phenolic containing through pyrolysis oil based resin in experimental work of Quan et al [14] . It is important to remark that beside Nahil et al. [15] investigated several Ni-based catalyst for the coproduction of CNTs and hydrogen from pyrolysis 68 of waste plastics followed by in-line catalytic reforming of pyrolysis vapours, using a two stage reaction system 69 (first stage pyrolysis at 500 °C and second stage catalytic reforming at 800 °C). They reported that the addition of
70
Mn into Ni-Al catalyst significantly enhanced the production of carbon nanotubes, compared to other metals such 71 as Ca, Ce and Zn, while the hydrogen yield with Ni-Mn-Al catalyst was also relative high. It was suggested that 72 the weak interaction between metal particles and catalyst support was important for the growth of CNTs. Similar 73 process has been used to converting real waste plastics into hydrogen and CNTs [16] . The authors reported that 74 the presence of Cl (0.3 wt.% polyvinyl chloride in waste HDPE) showed clear negative effect on the formation of
75
CNTs, while the presence of sulphur has shown less influence on CNTs production in terms of quality and CNT 76 morphologies. In addition, the influences of process parameters such as carbon/steam ration, catalyst amount and 77 reaction temperature on the coproduction of CNTs and hydrogen from catalytic thermo-chemical conversion of
78
waste plastics were reported [9, 12, 17] . The CNT quality, purity and morphology could be also affected by the 79 addition of steam [1] . In some cases CNT was synthetized by catalyst free approaches; e.g. waste PET mineral 80 water bottles were crashed and pyrolyzed to produce nano channelled ultrafine CNT, multi walled CNT and nano- 
99
Real plastic waste and commercial virgin polymers have been used for CNT production as raw materials.
100
Their main properties are summarized in Table 1 
113
Regarding the commercial virgin polymers, negligible ash content was obtained (< 0.001%), while higher level of 114 inorganic compounds was found in case of the waste sourced raw materials (1.25-3.41%). Due to the functional 115 group in structure of polyamide, it had the highest moisture content (2.79%). To investigate the ability of the 116 plastics for CNT production the following 8 samples were used: 100% virgin HDPE, 100% virgin PP, 80% virgin HDPE+50% waste PP, 100% waste HDPE and 100% MPW (see Table 2 ). 
138
Where mi is the weight of products (1=gases, 2=light oil, 3=heavy oil). Both gases and pyrolysis oil were
139
analyzed by gas-chromatography to determine more about their composition.
140
Following the pyrolysis section the gas products were driven into a CCVD reactor, which was a semi-141 continuous rotating reactor. In CCVD reactor pyrolysis gases has been transformed into CNT at 700°C using 0.5 142 h reaction time. CNT was reported to be produced from the pyrolysis gases using Fe and Co containing catalysts
143
(cobalt-acetate and iron-acetate were impregnated in 2.5-2.5 w/w % on silica-alumina) in a semi-continuous 144 rotating reactor [19, 20] . After the reaction, the CNT product was taken out by a vacuum equipment into a sample-
145
holder.
147

Manufacturing of CNT reinforced LDPE composites
148
Plastic derived CNTs were tested as reinforcements in commercial virgin low-density polyethylene (LDPE
149
(BRALEN NA 7-25) supplied by MOL Petrolkémia Plc). The reinforcement was mixed into matrix by a laboratory fused silica column with Al2O3/KCl coating was used under isothermal conditions, while a 30 m x 0.32 mm Rtx-159 11 (Crossbond1, 100% dimethyl polysiloxane) column was used for pyrolysis oils analysis with a flame ionization 160 detector. Regarding the pyrolysis oil, the following the temperature program was used: at 30°C for 5min, using
161
15°C/min from 30°C to 350°C and at 350°C for 10 min. Components were analysed according to their retention 162 time, using chromatography library. In case of pyrolysis oil, they were dissolved in n-pentane.
163
Results of gas-chromatography was completed with results of Fourier transformed infrared spectroscopy 
168
The morphologies of CNTs were examined using a scanning electron microscopy (SEM) (Cambridge 169 instruments (Stereoscan 360)). In addition, transmission electron microscopy of CNTs was obtained using JEOL
170
2010 equipment.
171
To determine the tensile properties, an INSTRON 3345 universal tensile testing machine was used according 
204
The composition of gas products are summarized in 
209
The branching structure of polypropylene resulted high concentrations of branched hydrocarbons in gaseous 210 products. 11.5% i-butane and 6.0% i-pentene was measured in gases using the virgin PP, while the concentrations 211 of i-butane and i-pentene were 8.0% and 5.72, respectively, in the case of 50% waste HDPE+50% waste PP. Gases 212 containing nearly half of olefins was suggested to be due to the -scission reactions. It is also clear that the 
223
The average calculated heating value of gases was around 46MJ kg -1 , which is high enough to provide the heat 224 requirement of the pyrolysis process. However, pyrolysis gases containing contaminants such as Cl and S are 225 difficult to be utilized to provide energy due to the limitations of gas engine. 
257
CH3-CH3-CH2* ( R-CH3-CH2*-CH3 or R-CH3-CH3-CH2*+ R-CH3-CH3-R ( R-CH3-CH3-CH3 + R-CH3-CH2*-R),
258
which result in the isomerisation of main frame and increasing the concentration of the branched aliphatic 259 compounds. 
276
Where "TCNTP" is the theoretical CNT production in g CNT 100g -1 raw material unit, "A" is the theoretical 277 carbon content of gases and "Ygases" is the yield of gases in pyrolysis.
278
Due to the high gas yields of using virgin PP, MPW and 50% waste HDPE+50% waste PP pyrolysis, these observation, that polyamide in raw material also supported the higher conversion of CNT production (65.9%);
287
however, the presence of PVC in raw material showed disadvantageous, because the conversion was only 36.5%.
288
It is indicated that due to the addition of 1% polyamide, the CNT conversion increased by 83.7% (HDPE/PA 289 mixture) compared to virgin HDPE.
290
Figure 4 also shows the amount of CNT produced from 100 g raw material. Due to high gas yields in the case 291 of using virgin PP, 50% waste HDPE+50% waste PP and MPW pyrolysis, the amount of produced CNT was also 292 high (13%, 11% and 17% related to the raw material, respectively). On the other hand, because of the high 293 conversion, experiments using 99% virgin HDPE+1% virgin PA has also generated high amount of CNT (11% of 294 the raw material). Presumably the oxygen content of the polyamide promoted the activity for CNT production. 
307
In order to investigate the reinforcing effect of the synthetized nanotubes, they were blended into commercial
308
LDPE using a two-roll mill (mass ratio of CNTs and LDPE is: 0.5%). Figure 7 demonstrates the tensile strength
309
and E-moduli of specimens. The virgin LDPE has tensile strength and E-modulus of 16.5MPa and 642MPa,
310
respectively. From Figure 7 , considerably higher tensile strength and modulus could be measured for the CNT- 
316
HDPE and 80% virgin HDPE+20% virgin PS, significant differences between the tensile strength and tensile 317 modulus can be found from figure 7, which could be explained by the presence of polystyrene in raw material.
318
Aromatic side chain in polystyrene structure could be modifying the surface of CNT to obtain better interfacial 319 connection between CNT and LDPE matrix.
320
It is important to remark that the tensile strength was significantly higher in relation to the raw materials with 
335
properties of the CNT reinforced polymer composites is the decreasing in density, or lower weight/volume ratio,
336
which could be lead a lower fuel consumption for vehicles using CNT reinforced composites. The matrix LDPE
337
had density of 0.919g cm -3 , which could be decreased to 0.861-881g cm . It is demonstrated that 4. 
344
In this work carbon nanotube was synthetized from gaseous products produced from pyrolysis of waste 345 plastics, and then the CNTs were tested for reinforcing LPDE. Gaseous products of pyrolysis contained
346
hydrocarbons bellow C6, which were also contaminated with Cl, S or N in the case using real waste polymers. It 
443
CNT production from gases 
